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INTRODUCTION
Studies from several laboratories have demonstrated cell surface receptors on human and animal monocytes or macrophages specific for homologous and heterologous aG antibodies. Receptors for aG antibodies have also been described on animal granulocytes (1) (2) (3) , but the existence of these receptors on human granulocytes is controversial. Henson (3) demonstrated rosette formation around human neutrophils by erythrocytes sensitized with rabbit and guinea pig antibodies to sheep erythrocytes and also human anti-Salmonella typhimurium 'vG antibodies. In contrast to these results Lo-A major portion of this work was presented at the Western Section of the American Federation for Clinical Investigation, Carmel, Calif., January 1970.
Received for publication 5 March 1970 and in revised form 25 June 1970. Buglio, Cotran, and Jandl (4), Cline and Lehrer (5) , and Huber, Douglas, and Fudenberg (6), using erythrocytes coated with human anti-Rh antibodies, have reported receptors for human YG only on cells of the monocyte-macrophage line. The present work was undertaken to gain additional information on the surface receptors for 7G on human phagocytic cells.
Two separate systems were used to detect attachment of -YG antibodies to the cell surface: an in vitro bacteriocidal-phagocytic assay and a slide monolayer adherence technique. In the latter, -yG antibodies with activity against bacterial and erythrocyte antigens were used to allow direct comparison of their properties. Our results indicate that receptors for human yG globulin exist on both human neutrophils and monocvtes.
METHODS
Preparation of cells. Mixed human leukocyte preparations were obtained by sedimentation of heparinized blood from normal donors in 6% dextran. Highly purified human granulocytes and mononuclear cells were prepared from the blood of normal donors by the method of Boyum (7) . After separation, the leukocytes were washed three times in Hanks' balanced salt solution and resuspended to the desired concentration in the same medium.
Bacteriocidal phagocytic assay. A modification (8) of the in vitro phagocytosis system of Maaloe (9) was used.
Washed leukocytes, bacteria, and opsonin, either fresh normal human serum or isolated immune yG, were tumbled in plastic test tubes at 37'C. Phagocytosis was measured by the decline in the number of surviving bacteria in aliquots taken at intervals during a 2 hr period. Killing of bacteria in this system is dependent upon the intracellular bacteriocidal capacity of the leukocytes (10). Bacteria. Cultures of Staphylococcus aureus and Serratia marcescens isolated from the blood of patients with subacute bacterial endocarditis (SBE) were maintained in Penassay broth. Bacteria and immune yG globulin used in phagocytic assays were isolated from the same patient. Staphylococcal culture filtrate used for the passive sensitization of erythrocytes was obtained from an 18 hr Penassay broth culture of S. aureus. The culture was centrifuged at 2000 rpm for 10 min and the supernate passed through a Millipore filter (GS 0.22 ,/25 mm). The filtrate was heated at 56'C for 45 min. For passive sensitization, 0.1 ml of washed, packed human erythrocytes (dce/dce) were incubated with the heat-inactivated filtrate for 1.5 hr at 37'C, washed three times with normal saline, and resuspended to a 0.5% suspension (11) .
Serum and serum fractions. Six sera with known high titers of opsonic activity were selected from a panel of sera obtained from patients with subacute bacterial endocarditis. One serum (No. 7) was obtained from a patient with repeated bouts of septicemia. This serum had high titers of opsonic activity against both S. aureus and S.
niarcescens. The agglutinating titers of these sera with the bacteria isolated from the same patient ranged from 1: 64 to 1: 256. Two human sera with strong anti-D activity (indirect Coombs titers 1: 256 and 1: 1024) were obtained from the blood bank (Blood Services of New Mexico). The hyperimmune anti-CD serum Ripley (12) Papain digestion was performed according to the method of Porter (18) . Digestion was carried out for 24 hr using a 1: 100 enzyme-to-protein ratio. The Fab fragments were separated by DEAE chromatography with a 0.01 M phosphate buffer pH 8.0, followed by gel filtration on Sephadex G-200 to remove undigested -yG. Fc fragments were removed from the DEAE column with 0.4 M sodium chloride in phosphate buffer pH 8.0 after exhaustive elution with the 0.01 M phosphate buffer pH 8. The Fab preparation gave no precipitin lines against anti-Fc antisera when tested by immune diffusion in agar. The Fc preparation was free of light chain antigens as determined by immune diffusion against anti-K and X antisera.
RESULTS
Bacteriocidal phagocytic assay. In order to clarify the aG receptors on human granulocytes highly purified preparations of these cells containing 90-98%o neutrophils, 2-6% eosinophils, and 0-5% mononuclear cells were used as the phagocytic cells in an in vitro bacteriocidal phagocytic assay system. In each instance controls indicated that the bacteria used were not killed in the presence of the 7G opsonins or granulocyte preparations alone, or if tubes containing bacteria, opsonin and cells were held stationary during the incubation period. Gamma G globulin isolated from serum of four patients with SBE due to S. aureus and one with septicemia due to S. marcescens were used with bacteria isolated from the same patient. Granulocytes from four normal donors, which were incapable of killing the bacteria in the absence of opsonin, were capable of killing 90% of the inoculated organisms in the presence of isolated immune YG. Using phagocytic cells from a single donor D.C., no significant difference was noted in the opsonic action of six different aG preparations. These results are entirely analogous to those found previously using mixed leukocytes in place of purified granulocytes (8) . Wrights stained slides were prepared from aliquots of the phagocytic mixture at 10 and 30 min. Ingestion of bacteria by granulocytes was demonstrated in tubes in which bacteria were killed, but not in those in which bacterial colony counts were unchanged indicating that killing of bacteria was accomplished intracellularly after ingestion by granulocytes rather than extracellularly. Bacteria were not killed by mononuclear cell preparations containing 80-90% lymphocytes, 5-10% monocytes, and 0-5% granulocytes either alone or in combination with TG opsonins.
In a second set of experiments, the phagocytic-bacteriocidal activity of mixed leukocyte preparations containing granulocytes, monocytes, and lymphocytes in approximately the same proportions as found in peripheral blood was compared directly to that of granulocyte preparations (> 96% neutrophils) obtained from the same blood sample (Fig. 1 (Fig. 2) . 48% of the monocytes were positive compared to 35.1% of the neutrophils (0.05 > P > 0.02). No significant difference was found between the number of positive neutrophils to remove nonadherent myeloma protein before adding sensitized erythrocytes. The minimum inhibiting concentration of al globulin was the same, 12.5 /Ag/ml, whether the leukocytes were washed before adding sensitized erythrocytes or the inhibiting myeloma was left in the final test mixture. A parallel set of monolayers was prepared as control and treated identically except that Hanks' balanced salt solution without sensitized erythrocytes was added. After the final incubation, Hanks' balanced salt solution was removed from the wells and assayed for ay globulin concentration by determining its ability to inhibit agglutination in a Gm(f+) test system. The same ', myeloma Gm (f+) was used as a standard. Supernates from wells which had not been washed after incubation with ay myeloma contained the expected 6-100 /Lg/ml of 71 Gm (f+) globulin. The wells which had been washed all contained less than 3 Ig/ml of aY Gm (f+) globulin. The initial concentration of a, globulin to which the cells were exposed appeared to be the crucial factor in inhibition rather than the y-globulin free in the medium, suggesting that inhibition was due to binding of the myeloma globulin to a receptor on the cell surface.
To further clarify the mechanisms of inhibition of adherence by 7G globulin, erythrocytes were passively sensitized with staphylococcal antigens and then incubated with Cohn fraction II (1 mg/ml) for 1 hr at 37°C. (3, (20) (21) (22) (24) , and is capable of fixing complement (25) . These differences in the functional capacity of 'vG antibodies to attach to different types of phagocytic cells may possibly be important in the integration of humoral and cellular defense mechanisms.
The mechanism behind the ability of antibacterial or Ripley antibodies to attach to neutrophils, and the failure of conventional anti-Rh 1(G antibodies to do so is at present obscure. Two explanations appear plausible: (a) differences in spatial arrangement of the bacterial and erythrocyte antigens or of the YG receptors on the monocytes and neutrophils determine which cells will be involved, or (b) there are structural differences in the Fc portion of the antibodies which match with two types of receptors, monocytes having both types and neutrophils only one. The work of Phillips-Quagliata, Levine, and Uhr (2) (26) , and it can be inhibited by myeloma proteins adherent to the leukocytes. In addition, studies of the supernatants from leukocyte preparations provided no evidence for an intermedliate activating mechanism between cell leukocyte receptor and opsonic yG.
The concentrations of Fc piece required to inhibit adherence of sensitized erythrocytes to monocytes or neutrophils were much higher than those of whole YG. It is possible that the Fc structures active in combination with the cell surface receptors were partially destroyed during the 24 hour papain digestion, or that these structures require the configuration conferred by the tertiary structure of the whole molecule for their full activity. Previous studies in our laboratory have indicated that these structures can be inactivated by acetylation, carbamylation, amidination (27) , or mild reduction (28) . The (30) .
